The mating sequence has been studied in the white-spotted longicorn beetle, Anoplophora malasiaca (Thomson) (Coleoptera: Cerambycidae). Both females and males are attracted to wounded host plant Citrus unshiu, and adults of both sexes, and both female and male elytra contained the sesquiterpenes that were identical with those in C. unshiu. Moreover, at close range orientation by males, some visual cues derived from females acted synergistically with olfactory factors. And, female contact sex pheromone was isolated from female elytra and revealed to consist of eight hydrocarbons, four ketones, and three lactones. The mating sequence of A. malasiaca was roughly considered to occur as follows. Emerged adults from trunks of the host plants must search for their mates over large areas. Highly mobile males may be attracted from long distances by the signal of sesquiterpenes released from wounded host plants which indicate the presence of other individuals and serve for intraspecific communication in A. malasiaca. At close range orientation, the sesquiterpenes also act as attractant for both females and males, and then visual cue guided them to their mates or rivals. After a male orients to another individual, he identifies it as a mate or a rival. Once a male recognizes a female, mating occurs.
INTRODUCTION
The white-spotted longicorn beetle, Anoplophora malasiaca (Thomson) (Coleoptera: Cerambycidae), is a serious pest of many kinds of trees such as willow (Salix babylonica), oriental planetree (Platanus orientalis), poplar (Populus nigra), apple (Malus pumila), pear (Pyrus pyrifolia), and especially citrus (Citrus unshiu) (Ohbayashi, 1992) . Mate location can be an early event in mating behavior, but it is not well known what kind of signals A. malasiaca adults depend on for mate location at long and short distances. Since adult density in citrus groves is low, they must locate their mates over large areas. Adachi (1990) observed that adults did not show a preference for particular trees, and did not detect clustered or loose colony structure in a citrus grove. This indicates that there is no special signal for mate location. However, the adults move between trees and also within trees, and movement patterns of adults apparently differed between females and males in the field (Adachi et al., 1992) . When a female was on the same tree as a male, the latter's movement pattern changed (Adachi et al., 1992) . This indicated that the male might have responded to something emanating from the mate.
Most studies of the mating system of Cerambycidae have been fragmentary, probably because it is difficult to cover the entire range of behaviors from distant attraction to contact recognition of mates. However, the mating systems of Monochamus alternatus endai (Fauziah et al., 1987; Kim et al., 1992) , Xylotrechus pyrrhoderus (Iwabuchi, 1982 (Iwabuchi, , 1985 (Iwabuchi, , 1988 Sakai et al., 1984; Iwabuchi et al., 1985 Iwabuchi et al., , 1986 , Psacothea hilaris (Fukaya and Honda, 1992 , 1996a Fukaya et al., 1996 Fukaya et al., , 1997 , and especially A. malasiaca have been examined in various contexts, and a comprehensive representation has emerged for these species. Host plant chemicals play a role for searching mates at long and short distances in A. malasiaca (Yasui et al., 2007b (Yasui et al., , 2008 . There are complex chemicals for mate recognition as contact pheromone in A. malasiaca (Fukaya et al., 1999 (Fukaya et al., , 2000 Akino et al., 2001; Fukaya, 2003; Yasui et al., 2003 Yasui et al., , 2007a . Visual factors, in addition to chemical factors, play an important role for mate location (Fukaya et al., 2004a (Fukaya et al., , b, 2005a . In this review, mate location and recognition systems of A. malasiaca from chemical, non-chemical, and ecological view are discussed.
ATTRACTIVE CHEMICALS FOR MATE LO-CATION

Mate location in Cerambycidae
First, attractive chemicals reported in mate location in Cerambycidae should be briefly addressed. Male-produced sex attractant pheromones were reported mainly in the subfamily Cerambycinae (ex. Iwabuchi et al., 1987; Kuwahara et al., 1987; Lacey et al., 2004) , but chemical identification was performed only in several cases (Sakai et al., 1984; Iwabuchi et al., 1986; Schröder et al., 1994; Fettköther et al., 1995; Leal et al., 1995; Nakamuta et al., 1997; Rhainds et al., 2001) . Male Neoclytus acuminatus acuminatus produce (2S,3S)-hexanediol, male N. mucronatus mucronatus produce (R)-3-hydroxyhexan-2-one, and male Megacyllene caryae produce alkanedials, terpenoids and an aromatic alcohol, that attracts both conspecific males and females in the field (Lacey et al., 2004 (Lacey et al., , 2007 (Lacey et al., , 2008a . These are the only reports on the identification of "aggregation pheromone" in cerambycid beetle species. In Lamiinae, A. glabripennis males attract both sexes, and chemicals were identified as 4-heptyloxybutanal and 4-heptyloxybutanol, but attractiveness was not confirmed in the field (Zhang et al., 2002) .
On the other hand, female-produced pheromone is believed to exist in almost all cerambycid beetles (Iwabuchi, 1999) . Recently, in Prioninae, female produced volatile sex pheromone which act long distances was first reported in Prionus californicus Cervantes et al., 2006) . In a complex example with male-and female-produced pheromone, female Xylotrechus pyrrhoderus fly to approach males that emit attractant pheromone, and then males locate their mates at short range in response to female attractant pheromone (Iwabuchi, 1982 (Iwabuchi, , 1985 Iwabuchi et al., 1985 Iwabuchi et al., , 1986 .
The role of host plant volatiles in mate location is also discussed in many cerambycids (Allison et al., 2004 references cited therein) . In Lamiinae and Cerambycinae, males are known to search for females at the adult feeding sites (Barata and Araújo, 2001; Sweeney et al., 2004) . However, only a few reports clarify attractive chemicals in the plant volatiles and attraction of the beetles in the field (Sakai and Yamasaki, 1990; Allison et al., 2004 references cited therein). In Tetropium fuscum and T. cinnamopterum (Spondylinae), male-produced pheromone plus host plant volatiles attract more adults in the field (Silk et al., 2007) . Outside the family Cerambycidae, males of a cockchafer (Melolontha spp.; Coleoptera: Scarabaeidae) were highly attracted to the chemicals associated with female feeding (Ruther et al., 2002) .
In contrast, there is no behavioral evidence for female-or male-specific sex attractant pheromone of A. malasiaca (Fukaya et al., 1999 (Fukaya et al., , 2000 (Fukaya et al., , 2004a (Fukaya et al., , b, 2005a Akino et al., 2001; Yasui et al., 2003 Yasui et al., , 2007b . Males as well as females attract both sexes. The attractant is in volatiles derived from host Citrus unshiu (Yasui et al., 2007b (Yasui et al., , 2008 . The role of host plant volatiles in A. malasiaca is discussed in detail in the following sections.
Long-and short-range attraction in A. malasiaca
After landing on the host plant, where mates may be present, how can individuals continue to move towards encounter? They have been observed walking within the tree (Adachi, 1990) . Fukaya et al. (2004a) developed an assay system based on the nature of negative geotaxis of A. malasiaca, which enabled an estimation of the orientation behavior within a short range. When a dead female body (or a treated glass-rod model) was put on the center of the plate, introduced male A. malasiaca from 5 cm right or left and 10 cm horizontally below the center can orientate toward the female body before contact through antennae and/or tarsi (Fukaya et al., 2004a) . Under the same conditions, females also can locate a male at close range before making direct body contact (Fukaya et al., 2005b) . A Ttube olfactometer was used to estimate attractants for A. malasiaca but did not yield results (Fukaya, personal communication) .
Males located females that had fed on the bark of the host plant C. unshiu more frequently than those fed on an artificial diet in the laboratory. Active attractants were extracted from female elytra and C. unshiu. The extracts were separated by silica gel column chromatography followed by steam distillation of hexane fraction. After HPLC fractionation the sesquiterpene fraction was revealed to be attractive and found to be comprised of several sesquiterpene hydrocarbons. The major sesquiterpene hydrocarbons isolated by preparative GC were analyzed by NMR and identified as b-elemene, b-caryophyllene, a-humulene and a-farnesene ( Fig. 1) (Yasui et al., 2007b ).
Short range attraction of A. malasiaca was also confirmed in the corresponding sesquiterpene fraction of the host plant C. unshiu (Yasui et al., 2007b) . The sesquiterpene fractions of female elytra and C. unshiu leaves showed quite similar GC profiles. This indicated that active components in the elytra are acquired from C. unshiu. Adachi (1990) observed that the field population of A. malasiaca has contagious spatial distribution but lacks clustered or loose colony structures in C. unshiu groves. How do males and females encounter and mate in the field? The sesquiterpenes active in short-range orientation of A. malasiaca are in fact also active in long-range attraction (Yasui et al., 2007b) .
In the field experiment, both females and males were found on C. unshiu trees baited with intact females or males as frequently as those baited with rubber septa treated with C. unshiu leaf extracts that contained the sesquiterpenes at different purification levels (Yasui et al., 2007b) . There were significantly more adults found on treated trees than on unbaited control trees.
The sesquiterpenes are emitted only when C. unshiu is wounded (Yasui et al., 2008) . A. malasiaca adults emit the same sesquiterpenes as wounded C. unshiu, so we consider that they may be acquired from the food plant when the adults feed, and then release them into the air. These releases serve intraspecific communication in this species at both long and short ranges. In the field experiments, males and females were found ca. 0.7-1.2 m from the sesquiterpene lures or caged insects, but no direct location toward lures or caged insects was observed (Yasui et al., 2007b) . This leads to the idea that the adults land on the host tree where mates or rival are present, and then walk nearer to the mates within that tree by following the sesquiterpene odor.
Origin of attractant chemicals in A. malasiaca
Similarity of sesquiterpene profiles of female and male elytra extracts and C. unshiu bark and leaf extracts suggests that sesquiterpene hydrocarbons may originate in bark and/or leaves of C. unshiu (Yasui et al., 2007b) . Sesquiterpenes were released when the branches were wounded, and the response of A. malasiaca adults to the branches conformed to the sesquiterpene releases (Yasui et al., 2008) . Beetles could acquire the sesquiterpenes after being kept in a net cage hung within a plastic cage in which another beetle had been feeding on citrus branches, although the net-caged beetle could not feed ( Fig. 2) (Yasui et al., 2008) . Various compounds, including sesquiterpenes, that are released from bark and/or leaves during feeding by the insect undergo adsorption onto the body surface. A decrease of sesquiterpenes generally reduced to the attractiveness of the beetles in the behavioural assay.
The fact that larvae and adults of A. malasiaca feed on a variety of families of plants (Ohbayashi, 1992) leads to a question. If the cue of mate location of A. malasiaca depends on components of a specific host plant, is the beetle able to locate mates that fed on a different host? The C. unshiu sesquiterpenes are unlikely to commonly exist in other A. malasiaca hosts. Mate location toward the consumers of other host plants is an interesting topic to examine in the future.
MATE RECOGNITION BY CHEMICAL SIG-NALS
Contact pheromones in Cerambycidae
Chemical recognition following the volatile attraction is considered to be a result of contact sex pheromone. Much evidence of the existence of such contact sex pheromone has been reported but chemical identification was performed on only seven species in Cerambycidae. Contact pheromones are reported on Psacothea hilaris (Fukaya et al., 1996 (Fukaya et al., , 1997 , Xylotrechus colonus (F.) (Ginzel et al., 2003a) , A. glabripennis (Zhang et al., 2003) , Megacyllene robiniae (Ginzel et al., 2003b) , M. Caryae (Ginzel et al., 2006) , and Neoclytus acuminatus acuminatus (Lacey et al., 2008a) . These chemicals are all hydrocarbons. In A. malasiaca (Fukaya et al., 2000; Yasui et al., 2003 Yasui et al., , 2007a , contact pheromone was found to be a mixture of hydrocarbons and two other different types of chemicals.
Contact pheromone in A. malasiaca
The mating sequence and the occurrence of a contact sex pheromone have been studied in A. malasiaca (Fukaya et al., 1999) . The male holds and mounts the female after encounter and then usually attempts to bend his abdominal tip towards her abdomen. Since the male frequently touches the female elytra, contact sex pheromone was considered to be present there. This was confirmed when males showed a series of precopulatory behaviors toward a glass dummy coated with crude extract of female elytra (Fig. 3) . There are at least three active fractions from the extract of female elytra involved in the mate recognition in A. malasiaca (Yasui et al., 2003) , which were eluted with hexane, 10% ethyl acetate (EtOAc) in hexane, and EtOAc. They consisted of hydrocarbons, ketones, and lactones, respectively (Fukaya et al., 2000; Fukaya, 2003; Yasui et al., 2003 Yasui et al., , 2007a . Any single fraction rarely induced abdominal bending behavior in males, which is evaluated as having a female sex pheromone activity. A blend of all three fractions had the activity equal to the extract of female elytra (Fig. 4) . Without the third fraction, the blends did not evoke the male mating behavior so much. Thus, the third fraction is assumed essential to evoke a series of precopulatory behaviors of males.
Hydrocarbons
The hexane fraction of A. malasiaca extract consisted of a series of hydrocarbons; approximately 40 compounds have been identified as C 27 -C 37 hydrocarbons (Fukaya et al., 2000; Akino et al., 2001; Fukaya, 2003) . Males showed a series of pre-186 H. YASUI Fig. 3 . Male response toward glass-rod model treated with female extract (Fukaya et al., 2000) . Fig. 2 . Sesquiterpene acquisition experiment (A) and SPME-GC profiles of volatiles released from the treated beetle (B). Volatiles from a beetle before lodging with another beetle fed on C. unshiu branches (a) and from the beetle one day after her lodging with them (b) (modified from Yasui et al., 2008) . copulatory behaviors to glass dummies coated by a blend of the major eight hydrocarbons, i.e., heptacosane, nonacosane, 4-methylhexacosane, 4-methyloctacosane, 9-methylheptacosane, 9-methylnonacosane, 15-methylhentriacontane, and 15-methyltritriacontane (Fig. 5) at the same ratio as those in the female elytra extracts (70 : 27 : 80 : 128 : 66 : 67 : 68 : 46 mg/female equivalent (FE)) with 10% EtOAc-in-hexane and EtOAc fractions. This value was comparable to that for the natural hexane fraction. In those eight hydrocarbons, no particular compounds seemed essential for pheromonal activity. They appeared to have a compensatory activity, because they did not lose much activity even if one or two of the components were omitted (Fukaya, 2003) .
Sexual difference was observed in the cuticular hydrocarbon composition (Akino et al., 2001) . When the male polar fractions were mixed with a female hydrocarbon fraction, male mating response 187 Chemical Communication in A. malasiaca Fukaya et al., 2000; Yasui et al., 2003 Yasui et al., , 2007a Mori, 2007) . * Possible pheromone components.
was not induced. This indicated that an essential factor that causes significant differences in the male behavior is contained in the polar fractions. However, without a hydrocarbon fraction, the female polar fractions did not significantly increase male mating response. Therefore, the hydrocarbon fraction is considered to be not essential, but important, for sexual recognition in the mating sequence of A. malasiaca.
Ketones
The 10% EtOAc in hexane fraction has a synergistic effect for male precopulation behavior (Yasui et al., 2003) . This fraction contained five novel compounds, which were identified as 10-heptacosanone, (Z)-18-heptacosen-10-one, (18Z,21Z)-heptacosa-18,21-dien-10-one, (18Z,21Z,24Z)-heptacosa-18,21,24-trien-10-one, and 12-heptacosanone by GC-MS and NMR analyses (Fig. 5) . A blend of these aliphatic ketones minus 12-heptacosanone and in the ratio and concentration found in the extract of female elytra (250 : 400 : 1,000 : 180 ng/FE) showed greater synergistic effect than the natural fraction containing all these ketones. Such synergistic effect was eliminated by further addition of 12-heptacosanone (100 ng/FE), but it was still comparable to the effect of the natural ketone fraction. Therefore, the former four ketones are part of the contact pheromone of A. malasiaca. 12-Heptacosanone appeared to have an antagonistic rather than repellent effect on male mating behavior, because it did not reduce the holding response before and after its addition. The ketones (Fig. 5) were not present in extracts of male elytra.
Lactones
In comparison with the extract of female elytra, the mixture of eight synthetic hydrocarbons and four ketones was insufficient to evoke mating responses in males without an EtOAc fraction (Yasui et al., 2003 (Yasui et al., , 2007a . Thus, the EtOAc fraction contains essential components to evoke male mating behavior, but it also requires the synergistic compounds of either or both hydrocarbon or aliphatic ketones (Fig. 4) .
Fractionation of the EtOAc fraction by HPLC was performed and three components were isolated from the active HPLC fraction. Their relative structures were determined by spectroscopic studies to be (1S*,4R*,5S*)-5-hydroxy-4-[(E)-7-hydroxy-4-methylhept-3-enyl]-4,8-dimethyl-3-oxabicyclo[3.3.0]octan-7-en-2,6-dione, its (1R*,4R*,5R*)-isomer, and (1S*,4R*,5S*,8S*)-5-hydroxy-4-[(E)-7-hydroxy-4-methylhept-3-enyl]-4,8-dimethyl-3-oxabicyclo[3.3.0]-octan-2,6-dione, and they were named gomadalactones A, B, and C, respectively (Fig. 5) (Yasui et al., 2007a) . Organic synthesis of possible compounds corresponding to these novel lactones had been attempted for identification of the absolute structure, but it is not yet completed because of the complexity in chemical structures. Therefore, the behavioral activity of those lactones is yet to be evaluated. Independently, Mori (2007) succeeded in synthesizing partial structure of the lactones and assigned absolute configuration as (1S,4R,5S), (1R,4R,5R), and (1S,4R,5S,8S) for gomadalactones A, B, and C, respectively.
The contact sex pheromone of A. malasiaca is unique. Multiple groups of chemical components are needed to explore the sex pheromone activity, and each active group consists of more than three components. Moreover each component is complementary to reveal the pheromonal activity (Fukaya et al., 2000; Yasui et al., 2003 Yasui et al., , 2007a . Within each group, all the components are not essential to evoke male response, but blending several compounds that belong to each of the three groups is necessary. It was apparent in the hydrocarbon group that natural blends of the hydrocarbons can be replaced by eight major synthetic hydrocarbons (Fukaya et al., 2000) . This was also true in the ketone group (Yasui et al., 2003) .
VISUAL CUES FOR MATING BEHAVIOR
Although an olfactory cue is usually essential for mate location, additional visual cues often work synergistically for mate location not only in cerambycid beetles (Fukaya and Honda, 1996a; Fukaya et al., 2004a Fukaya et al., , b, 2005a Fukaya, 2007) but also in the black chafer Holotrichia loochooana loochooana Sawada (Fukaya et al., 2004c) , several lepidopterans (Shorey and Gaston, 1970; Hidaka, 1972; Hidaka and Yamashita, 1975; Charlton and Cardé, 1990) , and dipterans (Spieth, 1974; Wall, 1989) . Shapes, sizes and colors of mates are possible visual cues, but it is still controversial what is an actual key signal in the visual cues for mating, especially in cerambycid beetles.
To pursue the factors that induce insect behavior, establishment of a reproducible behavioral assay method is a critical step. Fukaya's assay method enables the independent evaluation of olfactory and visual cues in orientation behavior. This made advances possible in work with A. malasiaca (Fukaya et al., 2004a) .
Role of visual cue and volatile attractant in A. malasiaca: Color
The effect of visual stimuli, mainly of sizes and color, were evaluated on mate location in A. malasiaca with experiments that used various colors and sizes of glass-rod models by Fukaya's assay method (Fukaya et al., 2004a (Fukaya et al., , b, 2005a . When black, white, and transparent glass rods with female extract were presented, the male orientation response was significantly greater with black than white or transparent rods; to white and transparent rods only a negligible response was observed (Fukaya et al., 2004a) . Other colors also affected variances in male actions, which were possible to explain by lightness of the color (Fukaya et al., 2005b) . Few males headed toward rods without extract. This indicated that, although an olfactory cue is essential for male orientation, a visual cue enhances the effect of the former. This was also confirmed by using a series of grey-tone models with different lightness. Darker colors were preferable for males' location (Fukaya et al., 2005b) . Furthermore, the contrast of the model color to its background color affected male responses. Males preferred models with colors darker than the background.
Similarly, females used both olfactory and visual cues for orientation to males. When a black or white glass rod treated with the male extract was presented, the orientation behavior toward the black rod was significantly greater than that to the white one (Fukaya et al., 2005a) . Few females oriented toward rods without extract, indicating that, although an olfactory cue is essential for female orientation, a visual cue further enhances this effect.
Role of visual cue and volatile attractant in A. malasiaca: Size
In A. malasiaca, body size varies considerably in both sexes (Fukaya et al., 2004b) . Behavioral response of males of different sizes to intact females and glass rod models treated with female extract differed. Holding, mounting and abdominal bending responses to females were more frequently observed in small males than in large ones. Larger models (35ϫ12 mm) evoked male actions to a greater extent than smaller ones (22ϫ7.5 mm) with the average sizes of the females being 29ϫ10 mm (Fukaya et al., 2005b) . Thus, the size, color and color contrast to the background serve as visual stimuli for A. malasiaca males to locate females (Fukaya et al., 2005b) .
Furthermore, small males showed these behaviors at lower doses of female extract than did large ones. However, females refused small males more frequently than large males, and approached the latter more frequently. This suggested that small males have high sensitivity to female extract that may offset the disadvantage of lower preference by females (Fukaya et al., 2004b) . P. hilaris also shows considerable variation in body size, and the same behavioral responses are observed in both females and males (Fukaya, 2004) .
MATE SEARCHING SCENARIO
Since attractive chemicals, contact sex pheromone and visual effect on mating has been clarified, a most likely mate searching scenario in A. malasiaca in the field would be presented as follows. Adachi (1990) discriminated the behavior of shortand long-distance types of movements in A. malasiaca. The former consists of walking and brief flight between neighboring trees. The latter is comprised of walking on the ground surface and flying for longer distances. The rate of tree-to-tree movement (long distance) tended to be higher in males (Adachi, 1990) . In the field attraction experiments, males and females A. malasiaca adults were found ca. 0.7-1.2 m from the sesquiterpene lures, but direct location toward lures or caged insects was not observed (Yasui et al., 2007b) . This attraction by sesquiterpenes probably includes the longdistance type of movement (Fig. 6) . These field attraction tests resulted in much higher collection ratios of males than females (Yasui et al., 2007b) . Thus, in order to search for mates over wide areas, males with high mobility may utilize the signal of volatiles from wounded host plants that indicate conspecific feeding on branches (Yasui et al., 2008) .
After landing on the host tree where mates are present, males (and females) may walk to locate their mate (or rival). Within-tree movement patterns of adults apparently differed between both sexes (Adachi et al., 1992) . The females remained for long periods of time in the foliage areas (feeding sites) and the trunk base (oviposition sites), but only briefly in the crotch points. In contrast, males remained for long periods of time in the foliage and the crotch points. But when a female was on the tree, the number of movements of the male became larger and the male staying around the trunk base slightly increased (Adachi et al., 1992) . This behavioral change indicates that the male might have responded to a stimulus of visual cue from the mate or the odor of sesquiterpenes. In A. malasiaca, males are able to seek females through the sesquiterpenes of females' own odor ("Here I am" signal) in addition to their feeding sites. In either case, the odor information of the sesquiterpenes from A. malasiaca and/or from C. unshiu should be valuable for searching for mates since it must increase chance of encounter. Trunk and leaf volatiles are used by some cerambycid beetles that do not use sex or aggregation pheromones in many cases (Allison et al., 2004) . In Lepturinae, Cerambycinae and Lamiinae, males are known to seek females at the adult feeding sites (Michelsen, 1963; Barata and Araújo, 2001; Sweeney et al., 2004) . Many species with no aggregation sites use volatile sex pheromones (Iwabuchi, 1988; Hanks, 1999) . Considering the increasing chance to encounter mates, mate searching system of A. malasiaca is the same as those of other cerambycids using volatile sex pheromone or aggregation pheromone. However, compared to those cerambycids that produce attractant volatiles, A. malasiaca pays little cost since it only has to feed on the host plants.
When a male encounters a female, direct contact with antennae, tarsi and/or palpi leads to reception of contact sex pheromone on the female body surface. This evokes a series of mating behaviors (Fukaya et al., 1999) . Recent studies by our laboratory have thus synthesized an entire scenario of mate location and recognition systems in A. malasiaca as above.
A. malasiaca adults collected from C. unshiu orchard use C. unshiu sesquiterpenes to search mates. However, host range of A. malasiaca is very wide, e.g. willow, oriental planetree, poplar, apple, pear, and citrus (Ohbayashi, 1992) . Mate location system of this species may vary according to their host plants because entire C. unshiu sesquiterpenes are not possessed by other host plants. Mate searching system of A. malasiaca on willow (Salix spp.) trees, as revealed by our current investigation, seems to be different from that on C. unshiu: adults on willow may use different chemicals for searching mates or host plants (Yasui et al., unpublished) .
SUGGESTION FOR MORE EFFICIENT CON-TROL METHODS FOR A. malasiaca
It would be useful to prepare attractant lures for A. malasiaca adults in further field studies and as a possible pest control tool. However, there are still many problems yet to be solved regarding with the capture of beetles by traps with attractant lures. The sesquiterpenes do not induce a pinpoint location to the lure in A. malasiaca adults, but only attraction to its vicinity. Existing traps are suitable for insects which are attracted to the lure at pinpoint, and thus trapping of A. malasiaca by those traps is very difficult. In addition to chemical cues, A. malasiaca use visual cues so that traps with visual targets may be effective. Since the increase of trap catches are reported after combinations of male sex pheromone and floral attractant or host volatiles in the longicorn beetle, Anaglyptus subfasciatus and Tetropium fuscum (Nakamuta et al., 1997; Silk et al., 2007) , combinations of two or more factors may be effective. An alternative insecticide system is also considered: contact with insecticide that would kill the beetle. A coating of insecticide or entomopathogenic fungi with contact pheromone on the lure might induce mortality of this insect. Adachi and Korenaga (1989) compared several methods for preventing oviposition by females and found that covering oviposition sites with physical barriers was very effective. Thus, a combination of attraction, contact, and prevention of oviposition systems should be effective for control of A. malasiaca.
In the late 1990s, A. glabripennis has reported to be introduced, presumably from China, to North America. In New York, USA, it causes serious damage on various hardwood trees, especially maples (Cavey et al., 1998) . This species has also detected in Europe, i.e. Austria, France, Germany, and probably Poland, and congeneric A. chinensis, a serious pest of citrus in China, is also found in Italy, France, Netherlands and UK (Benker and Bögel, 2006; Hérard et al., 2006 ; EPPO Reporting Service, http://www.eppo.org/QUARAN TINE/anoplophora_chinensis/chinensis_IT_2007. htm; Defra, UK, http://www.defra.gov.uk/planth/ citruslonghorn.htm). Makihara (2000 Makihara ( , 2007 has stated that Anoplophora in Japan is A. malasiaca (Thomson) and this species occurs in Korea and Japan (including Okinawa and the Amami Islands), while Lingafelter and Hoebeke (2002) considered that A. malasiaca is a synonym of A. chinensis which is distributed mainly in south China. No matter how the taxonomy of genus Anoplophora is complicated, it must be kept in mind that Anoplophora spp. are economically important.
At present, in Europe and North America, infested trees are cut and burned for exhaustive pest control since insecticides do not effectively control Anoplophora spp., as the larvae bore deep into tree trunks (Benker and Bögel, 2006; Hérard et al., 2006; EPPO) . In the case of street trees in urban areas and fruit orchards, it is difficult to spray large amounts of insecticide. Therefore, development of new types of control methods is expected. Investigation of cerambycid has improved during the last decade. The elucidation of complex factors in the mating behavior of A. malasiaca has contributed to the next stage of investigation of coleopterans including cerambycids, and should stimulate development of more efficient control methods. 
